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(54) METHODANDDEVICEFORCONTROLLING THEFLOWOF AFLUID IN AN AIR-CONDITIONING

AND/OR HEATING SYSTEM

(67) A process and a device are described, for con-
trolling a flow of a carrier fluid through a service line (5)
of a conditioning and/or heating system (1). The service
line comprises a heat exchange unit (7), a flow regulator
(8), one or more temperature sensors (9; 9a, 9b) for de-
tecting a temperature difference (AT,) between the carrier
fluid in a first section (5a) of the service line (5) upstream
of said heat exchange unit (7) and carrier fluid in a second
section (5b) of the same service line (5) downstream of
the same heat exchange unit (7). The control process
comprises calculating a value assumed by a control pa-
rameter (Pc) which is a function of at least one or more
values assumed by the temperature difference in the
transition of the flow regulator from a first to a second
operating condition, for then determining whether the val-
ue of the control parameter (Pc) is higher or not than a
threshold (S). Based on the above, the device and proc-
ess are able to find an optimal operating conditioning
and/or heating system (1).
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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates to a process and
a corresponding device for controlling the flow rate of a
fluid (for example a liquid such as water or a cooling fluid
used as a carrier fluid) in a branch of an air conditioning
and/or heating system. The invention also relates to an
air conditioning and/or heating system using the method
and the control device according to the invention. The
invention may be used both in civil and in industrial en-
vironments and may be advantageously exploited for the
control and optimization at an energy level of air condi-
tioning and/or heating systems.

PRIOR ART

[0002] As is known, heating and/or conditioning sys-
tems are increasingly used to keep the rooms, such as
rooms of units for residential or work use, at the desired
temperature and/or humidity conditions.

[0003] Such systems are generally supplied by a cen-
tral unit comprising a heating unit (such as a boiler, a
heat pump or other) and/or a refrigerating unit; the central
unit sends in a suitable distribution circuit a carrier fluid
having desired properties in terms of temperature, flow
rate and specific heat. In the room to be air-conditioned
there are then one or more heat treatment units (for ex-
ample a fan or fan coil) coupled with a portion of the
distribution circuit and capable of transferring heat or re-
spectively cold from the carrier fluid circulating in the dis-
tribution circuit to the room to be served.

[0004] The control and optimization of air conditioning
and/or heating systems are rather complex tasks, partic-
ularly when there are numerous rooms served by the
same system: consider in this regard systems for offices,
hotels orin general buildings in which there are numerous
distinct rooms where therefore the carrier fluid must be
conveyed in the optimal conditions of temperature and
flow rate in order to guarantee an efficient heat exchange
without requiring excessive flow rates.

[0005] Itis evident that the efficiency of the energy ex-
change in each room influences the efficiency of the sys-
tem as a whole and therefore impacts on the overall man-
agement costs. Furthermore, within a large system, it is
important to avoid, to the extent possible, that the flow in
the various branches of the system reaches unnecessar-
ily high values that would introduce inefficiency due to
the related load losses.

[0006] The known technical solutions have often been
found to be inadequate in controlling the carrier fluid flow-
ing through each heat exchanger, forcing the system to
work as a whole in less than optimal conditions.

[0007] In particular, the flow rates of the carrier fluid in
the known solutions have often proved to be unneces-
sarily excessive, with consequent unnecessary energy
waste.
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OBJECT OF THE INVENTION

[0008] Itis therefore the object of the present invention
to solve at least one of the drawbacks and/or limitations
of the above solutions.

[0009] In particular, an object of the invention is to con-
trol the fluid passing through one or more heat exchang-
ers present in an air conditioning/heating system in order
to optimize the energy exchange avoiding low efficiency
operating conditions.

[0010] A further object of the invention is to provide a
control device and process for conditioning and/or heat-
ing systems capable of optimally regulating the carrier
fluid passing through the exchangers.

[0011] In particular, it is an object of the invention to
provide a control device and process which allow finding
acompromise between the need to increase the flow rate
through an exchanger to increase the heat exchange and
the presence of excessive flow rates which would give
rise to significant load losses.

[0012] Anadditional objectofthe invention isto provide
a conditioning and/or heating system which enables en-
ergy management to be improved in a system intended
to serve a plurality of distinct rooms.

[0013] Furthermore, it is an object of the invention to
provide a solution capable of performing a real-time op-
timization in the various branches of a system.

[0014] Oneormore of the objects described above and
which will better appear in the course of the following
description are substantially achieved by a control de-
vice, a control process and a system according to one or
more of the appended claims.

[0015] Aspects of the invention are described below.
[0016] A 1staspect concerns a process of controlling
a flow of a carrier fluid through a service line (5) of a
conditioning and/or heating system (1),

said service line comprising:

e atleast one heat exchange unit (7),

* at least one flow regulator (8) configured to control
the flow of carrier fluid passing through the heat ex-
change unit (7), and

* at least one temperature sensor (9; 9a, 9b) config-
ured to emit at least one temperature signal related
to atemperature difference (AT;) (orin any case con-
figured for allowing determination of the temperature
difference AT;) between the carrier fluid in a first sec-
tion (5a) of the service line (5) upstream of said heat
exchange unit(7)and carrierfluid in a second section
(5b) of the same service line (5) downstream of the
same heat exchange unit (7);

said control process comprising the following steps:

a) positioning the flow regulator in a first operating
condition to which the following corresponds

» afirstvalue (¢4; Ap4) of a flow parameter (¢; Ap)
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relative to the flow of carrier fluid passing
through the heat exchanger, and
» afirstvalue (AT,) of said temperature difference,

b) positioning the flow regulator in a second operat-
ing condition to which the following corresponds

e anincrease in the value of the flow parameter
(¢; Ap) from said first value (¢4; Ap4) to a second
value (@,; Ap,) higher than the first value (¢4;
Ap4) and

» asecond value (AT,) of said temperature differ-
ence,

c) calculating a value assumed by a control param-
eter (Pc) which is a function of at least one or more
values assumed by said temperature difference in
the transition of the flow regulator from said first to
said second operating condition,

d) comparing said value ofthe control parameter (Pc)
with a minimum threshold (S) to determine whether
the value of the control parameter (Pc) is higher or
not than said minimum threshold (S).

[0017] Note, thatinaccordance with an option, the tem-
perature sensor may be a differential temperature sensor
(9) emitting a signal directly linked to said temperature
difference (AT;) or the temperature sensor may include
a first and a second temperature sensors (9a, 9b) re-
spectively configured for detecting a temperature of the
carrier fluid in said first section (5a) and a temperature
of the fluid in said second section (5b) and emit a corre-
sponding temperature signal related to the temperature
difference in the sense that each temperature signal al-
lows determining the temperature in the respective the
first and second sections and thus the temperature dif-
ference.

[0018] In a 2" aspect according to the preceding as-
pect the process comprises the following additional
steps:

if following step d) of comparing said value of the control
parameter (Pc) with the minimum threshold (S) it is de-
termined that the value of the control parameter is higher
than said minimum threshold, the control process pro-
vides then to execute the following cycle

e) positioning the flow regulator from the second op-
erating condition (or previous operating condition, if
the cycle is repeated more than once) in a subse-
quent operating condition to which the following cor-
responds

e anincrease in the value of the flow parameter
(o; Ap) from said second value (¢,; Ap,) (or from
a previous value (¢;; Ap;) if the cycle is repeated
more than once) to a subsequent value (@j,1;
Apj+1) higher than the second value (or respec-
tively higher than the previous value (¢;; Ap;));
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» avariation from the second value (AT,) (or pre-
vious value (AT;)) to a subsequent value (AT;,4)
of said temperature difference,

f) calculating a further value assumed by the control
parameter (Pc) which is a function of at least one or
more values assumed by said temperature differ-
ence in the transition of the flow regulator from the
second operating condition (or previous operating
condition) to said subsequent operating condition,

g) comparing said further value of the control param-
eter (Pc) with the minimum threshold (S) to deter-
mine whether or not the further value of the control
parameter is higher than said minimum threshold.

[0019] In accordance with a 34 aspect according to
the preceding aspect the process provides for repeating
steps e) to g) if, following step g), it is determined that
the value of the control parameter is higher than said
minimum threshold. In practice steps e) to g) of the cycle
are repeated until at step g) itis determined that the value
reached by the control parameter (Pc) becomes equal
or smaller than the minimum threshold (S).

[0020] At each repetition of the cycle the cyclic steps
e) to g) are as follows:

e) the flow regulator is positioned from the operating
condition reached in the last executed cycle (or pre-
vious operating position) to a further operating con-
dition (or subsequent operating condition) to which
the following corresponds

e anincrease in the value of the flow parameter
(p; Ap) from the value reached in last executed
cycle (p;+1; APj+), Or previous value of the flow
parameter, to a further and higher value (;,5;
Apj+») of the same flow parameter;

e avariation of said temperature difference from
the value reached in the last executed cycle
(AT;44), or previous value of the temperature dif-
ference, to a further value of said temperature
difference (AT,,);

f) calculating a new further value assumed by the
control parameter (Pc) which is a function of one or
more values assumed by said temperature differ-
ence in the transition of the flow regulator from the
previous operating condition to the further operating
condition,

g) comparing said new further value of the control
parameter (Pc) with the minimum threshold (S) to
determine whether or not the further value of the con-
trol parameter is higher than said minimum thresh-
old;

[0021] In a 4t aspect according to any one of the pre-
ceding two aspects the process provides for:
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- if following said step d) or said step g) it is instead
determined that the value of the control parameter
(Pc) is less than or equal to said minimum threshold
(S), then not changing the operating condition of the
flow regulator in the direction of a further increase in
the value of the flow parameter (¢; Ap).

[0022] Ina 5thaspect according to the preceding three
aspects the process provides for:

- if following said step d) or said step g) it is instead
determined that the value of the control parameter
(Pc) is less than or equal to said minimum threshold
(S), then

not changing the operating condition of the flow
regulator in the direction of a further increase in
the value of the flow parameter (¢; Ap) and
setting the last operating condition reached by
the flow regulator during the cycle (i.e., the op-
erating condition reached at step e) of the last
cycle) as the optimal working position to which
the flow regulator is maintained.

[0023] In a 6! aspect according to one of the 2nd or
3rd or 4th aspect the process provides for:

- if following said step d) or said step g) it is instead
determined that the value of the control parameter
(Pc) is less than or equal to said minimum threshold
(S), then

not changing the operating condition of the flow
regulator in the direction of a further increase in
the value of the flow parameter (¢; Ap) and
setting the penultimate operating condition
reached by the flow regulator during the cycle
(i.e., the operating condition reached at step e)
of the penultimate cycle) as the optimal working
position to which the flow regulator is main-
tained.

[0024] In a 7t aspect according to one of the 2nd or
3rd or 4th aspect the process provides for:

- if following said step d) or said step g) it is instead
determined that the value of the control parameter
(Pc) is less than or equal to said minimum threshold
(S), then

changing the operating condition of the flow reg-
ulator by a prefixed step in the direction of a de-
crease in the value of the flow parameter (¢; Ap)
and

setting this latter operating condition as the op-
timal working position to which the flow regulator
is maintained.
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[0025] In a 8t aspect according to any one of the pre-
ceding three aspects, wherein the optimal working con-
dition is either maintained at least for a period of time
(which is relatively long, for example greater than 1 hour)
or until an event (such as a user input or a change in the
incoming fluid temperature) generates the need to
change the operating conditions of the flow regulator.
[0026] In a9t aspect according to any one of the pre-
ceding aspects, the step of calculating comprises calcu-
lating the value assumed by a control parameter (Pc) as
afunction of a plurality of values (AT, AT,, AT,) assumed
by said temperature difference in the transition of the flow
regulator from said first to said second operating condi-
tion.

[0027] In a 10t aspect according to any one of the
preceding aspects the value of the control parameter (Pc)
is calculated as a function of the first or the previous value
(AT4; AT,) of said temperature difference and of the sec-
ond or subsequentvalue (AT,. AT;, ) of said temperature
difference.

[0028] In an 11th aspect according to any one of the
preceding aspects, the control parameter (Pc) is calcu-
lated as a function at least of:

the first or previous value (¢4; Ap4) of the flow pa-
rameter (¢; Ap),

the first or previous value (AT,) of said temperature
difference,

the second or subsequent value (¢,; Ap,) of the flow
parameter, and

the second or subsequent value (AT,) of said tem-
perature difference.

[0029] In a 12t aspect according to any one of the
preceding aspects, representing values of the tempera-
ture difference (AT) vs. values of the flow parameter (¢;
Ap) in a two-dimensional Cartesian system where the
values of the flow parameter (¢; Ap) are reported on the
abscissa and the values of the temperature difference
on the ordinate (AT), the control parameter is represent-
ative of an area under a characterizing curve or function
which relates the temperature difference (AT) with the
flow parameter (o; Ap).

[0030] In a 13! aspect according to any one of the
preceding aspects calculating the value of the control
parameter (Pc) comprises calculating an integral, be-
tween the first or previous value of the flow parameter
(¢4, @i Ap4, Ap;) and the second or subsequent value of
the flow parameter (oo, ¢j+1, AP, Ap;+4), Of @ character-
istic function that correlates the temperature difference
(AT) with the flow parameter (¢; Ap).

[0031] In practice at step c) of the process, the process
provides for calculating the value of the control parameter
(Pc) by calculating an integral, between the first value of
the flow parameter (¢4; Ap4) and the second value of the
flow parameter (¢,. Apy), of a characteristic function that
correlates the temperature difference (AT) with the flow
parameter (o; Ap).
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[0032] At step f) of the first execution of the process
cycle the process provides for calculating the value of
the control parameter (Pc) by calculating an integral, be-
tween the second value of the flow parameter (¢,; Ap,)
and a subsequent value of the flow parameter (;,;
Ap;44), of a characteristic function that correlates the tem-
perature difference (AT) with the flow parameter (¢; Ap).
[0033] At each further repetition of the cycle (if
present), the process provides for calculating the value
of the control parameter (Pc) by calculating an integral,
between a previous value of the flow parameter (¢;4;
Ap;+¢) reached at the last cycle and a further subsequent
value of the flow parameter (¢;,5; Ap;4,), of a character-
istic function that correlates the temperature difference
(AT) with the flow parameter (o; Ap).

[0034] In other words:

- at said step c) calculating the value of the control
parameter (Pc) comprises calculating an integral,
between the first value of the flow parameter (¢;
Ap4) and the second value of the flow parameter (¢,;
Ap,), of a characteristic function that correlates the
temperature difference (AT) with the flow parameter
(¢; Ap);

- atsaid step g) (of the firstcycle execution) calculating
the value of the control parameter (Pc) comprises
calculating an integral, between the second value of
the flow parameter (¢,; Ap,) and the subsequent val-
ue of the flow parameter (¢;,4; Ap;4¢), of a charac-
teristic function that correlates the temperature dif-
ference (AT) with the flow parameter (¢; Ap);

- optionally, for each subsequent execution of the cy-
cle, at said step g) calculating the value of the control
parameter (Pc) comprises calculating an integral,
between a previous value of the flow parameter (¢;,.4;
Ap;+4) reached at the last execution of the cycle and
a further subsequent value of the flow parameter
(pi+2; Apj+0), Of @ characteristic function that corre-
lates the temperature difference (AT) with the flow
parameter (o; Ap).

[0035] In a 14th aspect according to any one of the
preceding aspects the flow parameter is the mass flow
of the carrier fluid (¢) passing through the heat exchange
unit (7).

[0036] In a 15t aspect according to any one of the
preceding two aspects the characteristic function corre-
lates the temperature difference (AT) with the mass flow
of the carrier fluid (¢) passing through the heat exchange
unit (7).

[0037] In a 16! aspect according to any one of the
preceding three aspects calculating the value of the con-
trol parameter (Pc) includes calculating the integral, be-
tween the first or previous value of the flow parameter
(91, ¢;) and the second or subsequent value of the flow

parameter (g2, @i+1),
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Po= (7" aTde |

wherein =0, 1, 2...

of the characteristic function that correlates the temper-
ature difference (AT) with the mass flow of the carrier
fluid (¢) passing through the heat exchange unit (7).
[0038] Ina17thaspectaccording to any one of aspects
from the 18t to the 13th the service line (7) includes a
calibrated orifice (52), inserted upstream or downstream
of said flow regulator, and the flow parameter is a pres-
sure difference (Ap) between a first pressure intake of
the service line (5) upstream of the calibrated orifice (52)
and a second pressure intake of the same service line
(5) placed downstream of the calibrated orifice (52).
[0039] In an 18t aspect according to the 13th or 17th
aspect, the characteristic function correlates the temper-
ature difference (AT) with said pressure difference (Ap).
[0040] In an 19t aspect according to the 13th or 17t
or 18th aspect calculating the value of the control param-
eter (Pc) includes calculating the integral, between the
first or previous value of the flow parameter (Ap4, Ap;)
and the second or subsequent value of the flow param-
eter (Apy, Apj4q),

Po= [P aTdap,

wherein =0,1,2...

of the characteristic function that correlates the temper-
ature difference (AT) with said pressure difference (Ap).
[0041] Ina 20t aspect according to any one of aspects
form the 13t to the preceding aspect the process com-
prises a step of mathematical determination of an ap-
proximating function which correlates the temperature
difference (AT) with the flow parameter (¢; Ap) and which
has a trend close to said characteristic function.

[0042] In a 21staspect according to the preceding as-
pect said approximating function is of the parametric
type. For example the function may be a polynomial par-
ametric function of the type (AT) = AX (¢; Ap)N + B X (¢;
Ap)N-1 + . WX(p; Ap) + Z, where N is an integer and A,
B,...W, Z are coefficients determined by interpolating
points defined by pairs of real values of the temperature
difference and of the flow parameter. Other type of par-
ametric functions such as a logarithmic function may be
used.

[0043] In a 22nd aspect according to any one of the
preceding two aspects, in combination with the 13th as-
pect, said integral, between the first or previous value of
the flow parameter (¢4, ¢;; Ap4, Ap;) and the second or
subsequent value of the flow parameter (95, ©j41; Apo,
Ap;+q), of the characteristic function is calculated as in-
tegral, between the first or previous value of the flow pa-
rameter (¢4, ¢;; Apq, Ap;) and the second or subsequent
value of the flow parameter (95, 9;41; APo, Apjy4), Of said
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approximating function.
[0044] In a 23" aspect according to the preceding as-
pect, said integral, between the first or previous value of
the flow parameter (¢4, @;; Ap4, Ap;) and the second or
subsequent value of the flow parameter (¢y, i1, APy,
Ap;44), is calculated as

Pc= (ATir - ATi) * (@it - ¢1)/2,

wherein =0,1,2...

with the flow parameter being the mass flow of the carrier
fluid (¢) passing through the heat exchange unit (7).
[0045] In a 24th aspect according to the 22"d aspect
said integral, between the first or previous value of the
flow parameter (¢4, ¢;; Ap4, Ap;) and the second or sub-
sequent value of the flow parameter (95, ¢;+1, AP2, APjsq),
is

Pc= (ATi - ATi) * (Apis1 - Api)/2,

wherein =0,1,2...

with the flow parameter being the pressure difference
(Ap) between a first pressure intake of the service line
(5) upstream of the calibrated orifice (52) and a second
pressure intake of the same service line (5) placed down-
stream of the calibrated orifice (52).

[0046] In a 25t aspect according to any one of the
preceding aspects from the 15t to the 24th said minimum
threshold (S) has:

e aninvariable predetermined value.

[0047] In a 26th aspect according to any one of the
preceding aspects from the 15t to the 24th said minimum
threshold (S) has:

e apredetermined value linked to the magnitude of the
increase in the value of the flow parameter (¢; Ap)
from said first or previous value (¢4, ¢;; Apy, Ap;) to
the second or subsequentvalue (@5, ®j+1; AP2, APjsq)-

[0048] In a 27t aspect according to any one of the
preceding aspects from the 15t to the 24th said minimum
threshold (S) has:

e avalue calculated as a function of the magnitude of
the increase in the value of the flow parameter (o;
Ap) from said first or previous value (¢4, ¢;; Ap4, Ap;)
to the second or subsequent value (95, ¢j+q; ApPo,
Api+1)-

[0049] In a 28t aspect according to any one of the

preceding aspects from the 15t to the 24th said minimum

threshold (S) has:

e avalue calculated as a product of:
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o the increase in the value of the flow parameter
(¢; Ap) from said first or previous value (¢, ¢;
Ap4, Ap;) to the second or subsequent value (¢,
®is1; AP2, Apisq), and

o the first or previous value (AT,, AT,) of said
temperature difference, using one of the follow-
ing formulas

o S= (AT,)*(Ap;+1-Ap;), Wherein =0, 1, 2... n,

o S= (AT,)*(9i+1-¢;), Wherein =0, 1, 2...n.

[0050] In a 29th aspect according to any one of the
preceding aspects the first or previous value (AT4, AT;)
of said temperature difference is determined starting from
said temperature signal or signals detected when the flow
regulator is in the first or previous operating condition,
and

wherein the second or subsequent value (AT,, AT;,¢) of
said temperature difference is determined starting from
said temperature signal or signals detected when the flow
regulator is in the second or subsequent operating con-
dition.

[0051] In a 30th aspect according to any one of the
preceding aspects, the process provides the following:

in said step a) of positioning the flow regulator in a
first operating condition, the flow regulator is control-
led until the first value (¢4; Ap4) of the flow parameter
(p; Ap) is reached, which is a pre-set value; and
wherein in said step b) of positioning the flow regu-
lator in a second operating condition, the flow regu-
lator is controlled until the second value (¢5; Ap,) of
the flow parameter (p; Ap) is reached, which is a pre-
set value.

[0052] Ina31staspectaccording to any one of aspects
from the 2nd to the preceding aspect, the process pro-
vides the following:

in said step e) of positioning the flow regulator in a sub-
sequent operating condition, the flow regulator is control-
led until the subsequent value (¢;.q; Ap;+q) Of the flow
parameter (o; Ap) is reached, which is a pre-set value.
[0053] In a 32d aspect according to any one of the
preceding aspects the flow parameter is the mass flow
of the carrier fluid (¢) passing through the heat exchange
unit (7); wherein either said service line comprises a flow
meter, and the flow meter is configured to measure the
mass flow of a carrier fluid (p) passing through the heat
exchange unit (7), or said service line comprises a posi-
tion sensor of a shut-off element present in the flow reg-
ulator, and wherein the mass flow of carrier fluid (¢) pass-
ing through the heat exchange unit (7) is calculated as a
function of the position taken by the shut-off device and
the pressure drop to the heads of the flow regulator; or
the service line comprises a calibrated orifice (52), in-
serted upstream or downstream of said flow regulator,
and the mass flow of carrier fluid (o) is calculated as a
function of the pressure difference (Ap) between a first
pressure intake of the service line (5) upstream of the
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calibrated orifice (52) and a second pressure intake of
the same service line (5) located downstream of the cal-
ibrated orifice (52).

[0054] A 33rd aspect concerns a device for controlling
a flow of carrier fluid through a service line (5) of a con-
ditioning and/or heating system (1).

[0055] In a 34th aspect according to the preceding as-
pect the device is configured for executing the process
of any one of the preceding claims. For example the de-
vice comprises appropriate sensors and at least a
processing unit connected with the sensors and config-
ured for executing the steps of the process of any one of
the preceding aspects.

[0056] In a 35! aspects according to any one of the
preceding two aspects, said service line comprises:

e atleast one heat exchange unit (7),

* atleast one flow regulator (8) configured to control
the flow of carrier fluid passing through the heat ex-
change unit (7), and

* atleast one temperature sensor (9; 9a, 9b) config-
ured to emit at least one temperature signal related
to a temperature difference (AT;) (orin any case con-
figured for allowing determination of the temperature
difference AT,) between the carrier fluid in a first sec-
tion (5a) of the service line (5) upstream of said heat
exchange unit(7)and carrier fluid in a second section
(5b) of the same service line (5) downstream of the
same heat exchange unit (7);

the control device comprising at least one processing
unit connected to the flow controller (8) and to the tem-
perature sensor (9) or sensors (9a, 9b) and configured
to perform the control process according to any one of
the preceding claims.

[0057] In a 36th aspect according to the preceding as-
pect, the temperature sensor may be a differential tem-
perature sensor (9) emitting a signal directly linked to
said temperature difference (AT;), or the temperature
sensor may include a first and a second temperature sen-
sors (9a, 9b) respectively configured for detecting a tem-
perature of the carrier fluid in said first section (5a) and
a temperature of the fluid in said second section (5b) and
emit a corresponding temperature signal related to the
temperature difference in the sense that each tempera-
ture signal allows determining the temperature in the re-
spective the first and second sections and thus the tem-
perature difference.

[0058] A 37t aspect concerns an air conditioning
and/or heating system comprising

a carrier fluid distribution circuit (2), having:

o at least one delivery line (3) of the carrier fluid,

o at least one return line (4) of the carrier fluid, and

o a plurality of service lines (5) connected directly or
indirectly to said delivery line (3) and to said return
line (4) and configured to serve respective rooms to
be conditioned and/or heated, wherein each of said
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service lines (5) in turn comprises:

e atleast one heat exchange unit (7),

* atleastone flow regulator (8) configured to con-
trol the flow of carrier fluid passing through the
heat exchange unit (7), and

* atleast one temperature sensor (9; 9a, 9b) con-
figured to emit at least one temperature signal
related to a temperature difference (ATi) (or in
any case configured for allowing determination
of the temperature difference AT,) between the
carrier fluid in a first section (5a) of the service
line (5) upstream of said heat exchange unit (7)
and carrier fluid in a second section (5b) of the
same service line (5) downstream of the same
heat exchange unit (7);

at least one central heat treatment unit (6) located
on the circuit (2),

at least one control device comprising a processing
unit connected to the flow regulator (8) and to the
temperature sensor (9) or temperature sensors (9a,
9b) of each service line and configured to perform
for each service line the control process according
to any one of the preceding aspects from the 15t to
the 32nd,

[0059] In a 38t aspect according to any one of the
preceding process or device or system aspects, in each
service line (5), the flow regulator (8) comprises:

- at least one valve (16) having a valve body (16a)
having at least one inlet (17), at least one outlet (18)
connected by at least one passage (19) which puts
the inlet (17) in fluid communication with the outlet
(18), and atleast one shut-off element (20) operating
in said passage (19),

said shut-off element (20) defining, in cooperation with
the valve body (16a), a fluid passage gap (21) of variable
width as a function of positions assumed by the shut-off
element (20) with respect to the valve body (16a).
[0060] In a 39t aspect according to any one of the
preceding process or device or system aspects the tem-
perature sensor (9) comprises:

- afirst thermal detector configured to detect the tem-
perature in a first section (5a) of each channel (5)
upstream of said heat exchange unit (7) and a sec-
ond thermal detector configured to detect the tem-
perature in a second section (5b) of each channel
(5) downstream of the same heat exchange unit (7),
or

- a differential temperature sensor connected to the
first section (5a) of each channel (5) upstream of
said heatexchange unit(7) and to the second section
(5b) of each channel (5) downstream of the same
heat exchange unit (7) and configured to detect the
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temperature difference between said first and said
second section (5a, 5b) of each channel (5).

[0061] In a 40th aspect according to any one of the
preceding process or device or system aspects at least
one hydraulic sensor (10) is provided comprising at least
one of:

- a flowmeter configured to detect the mass flow of
carrier fluid (¢) passing through the heat exchange
unit (7), or

- adifferential pressure sensor configured to detect a
pressure difference between afirst section of the line
(5) upstream of a calibrated orifice (52) and a second
section of the same channel (5) located downstream
of the calibrated orifice (52), the calibrated orifice
being preferably upstream of the flow regulator, or

- two separate pressure sensors configured to allow
apressure difference to be calculated between afirst
section of the line (5) upstream of a calibrated orifice
and a second section of the line (5) downstream of
the calibrated orifice, the calibrated orifice being pref-
erably upstream of the flow regulator.

[0062] In a 41st aspect according to any one of the
preceding process or device or system aspects a position
sensor (22) is provided, configured to determine the po-
sitions assumed by the shut-off element (20) of the flow
regulator, along a predetermined operating stroke, with
respectto the valve body (16a) of the same flow regulator,
and to transmit a respective signal, in particular wherein
the shut-off element (20) is configured to assume a plu-
rality of positions along said operating stroke correspond-
ing to different opening degrees of said passage gap (21)
and wherein said position sensor (22), for example an
encoder or a potentiometer, is configured to emit a signal
at each step of predetermined extent performed by the
shut-off element (20) along the operating stroke.

[0063] In a 42nd aspect according to any one of the
preceding process or device or system aspects the flow
rate regulator (8), the temperature sensor (9) or sensors
(93, 9b), the hydraulic sensor (10) and the position sensor
(22), if present, are communicatively connected to the
processing unit.

[0064] A 43 aspect concerns an air conditioning
and/or heating system comprising according to any one
of aspects from the 37t to the preceding aspect, wherein
the central heat treatment unit (6) comprises:

- atleast one main pump (12), and
- atleast one central unit (13) selected from a heating
unit and a refrigerating unit,

and wherein the processing unit is also connected to the
main pump and to the central unit and is configured to

perform one or more of the following steps:

- controlling the pump (12) to vary the rate at the head
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of the central group;

- controlling the pump (12) to keep the overall flow of
the carrier fluid unchanged;

- controlling the heating unit to vary the temperature
of the carrier fluid in the delivery line;

- controlling the refrigerating unit to vary the temper-
ature of the carrier fluid in the delivery line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0065] Some embodiments and some aspects of the
invention are described hereinafter with reference to the
accompanying drawings, provided only for illustrative
and, therefore, non-limiting purposes, in which:

> Figure 1 is a non-limiting diagram of a condition-
ing and/or heating system according to the present
invention;

» Figures 2 to 4 are respective schematic repre-
sentations of embodiments of a service line of a sys-
tem according to the present invention;

> Figure 5 is a sectional view of a valve that may
be used as a flow regulator in a service line of a
conditioning and/or heating system according to the
present invention;

> Figure 6 is a flow chart of a control process ac-
cording to the present invention; and

> Figure 7 is a Cartesian diagram representing a
characteristic curve relating to a heat exchanger
presentina service line of a conditioning and/or heat-
ing system according to the present invention, in
which a flow rate parameter of the carrier fluid pass-
ing through the exchanger (for example, the mass
flow or the pressure drop across a calibrated orifice)
is shown the abscissa and the thermal drop of the
carrier fluid between a section of the upstream serv-
ice line and a section of the service line downstream
of the exchanger itself is shown on the ordinate.

DEFINITIONS AND MATERIALS

[0066] The figures may illustrate the object of the in-
vention or parts thereof by representations that are not
in scale; therefore, parts and components illustrated in
the figures relating to the object of the invention may re-
late solely to schematic representations.

[0067] The term carrier or heat carrier fluid means a
substance in the liquid or gaseous state capable of re-
ceiving, accumulating, transporting and transferring
heat. For example, in a heating system it is possible to
use water as the carrier fluid, in particular hot water, or
mixtures of hot water and glycol.

[0068] In an air conditioning system it is instead pos-
sible to use natural (e.g. ammonia and carbon dioxide)
or artificial refrigerating fluids or cold water or mixtures
of water and glycol or other antifreeze substances as
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carrier fluid.

[0069] The term central heat treatment unit (indicated
with reference numeral 6 in the drawings) means a unit
comprising a heating unit 13 (for example a boiler unit,
or a heat pump, or a solar panel system or other heating
device) configured for heating a liquid and for distributing
hot liquid to suitable heat treatment units or utilities that
exploit the heat for the treatment of a room. The central
heat treatment unit may also, or alternatively, comprise
arefrigerating unit (also indicated with reference numeral
13) configured for the treatment (cooling) of a heat carrier
fluid and for distributing it to suitable heat treatment units
such as indoor air conditioning units. The central heat
treatment unit further comprises at least one pump indi-
cated with reference numeral 12 in the accompanying
drawings.

DETAILED DESCRIPTION

Air conditioning and/or heating system

[0070] With reference to the accompanying figures, a
conditioning and/or heating system has been indicated
as a whole with reference numeral 1.

[0071] As may be seen, for example, in figure 1, the
system 1 comprises a circuit 2 for distributing a carrier
fluid; the circuit 2 has at least two main channels namely:
a delivery line 3, for sending the carrier fluid to a prede-
termined number of utilities or heat exchange units 7,
and a return line 4 in fluid connection with the delivery
line 3 and arranged to receive the carrier fluid down-
stream of each of the units 7. As may be seen in figure
1, the distribution circuit 2 comprises a plurality of circu-
lation channels or service lines 5 directly or indirectly con-
nected to the delivery line 3 and to the return line 4 and
configured to serve respective rooms to be conditioned
and/or heated; each service line 5 is configured to supply
at least one respective heat exchange unit 7.

[0072] Figure 1 illustrates a preferential but not limiting
configuration of the invention, in which each service line
5is interposed between the delivery line 3 and the return
line 4 and serves a respective heat exchange unit 7: in
this configuration, the lines 5 are arranged in parallel with
each other and receive fluid from the delivery line and
then return it to the return line after the passage of the
fluid from the respective unit 7; in this configuration, it is
possible to send to each unit only one type of fluid: for
example, if the central unit 6 comprises a heating (or
cooling) unit 13, each of the channels 5 receives heated
(or respectively cooled) fluid from the central unit 6 and
discharges to the return line fluid that has cooled (or re-
spectively heated) following passing through the respec-
tive unit 7. However, the possibility of having two or more
delivery lines 3 is not excluded: for example a delivery
line conveying refrigerating fluid coming from a refriger-
ating unit 13 of the unit 6 and a delivery line 3’ coming
from a heating unit 13 of the unit 6. In this case, it is
possible to selectively connect one or the other of the
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delivery lines to each of the heat treatment units. In prac-
tice, itis possible to imagine of configuring more than two
delivery lines and more than two return lines if the units
7 are configured to receive fluids of different nature si-
multaneously or sequentially. Moreover, the possibility
of arranging one or more service lines 5 in series with
each other is not excluded.

[0073] Figure 1 also shows a non-limiting configuration
of the invention in which each return line 4 is directly in
fluid communication with the delivery line 3 to define a
closed-circuit type carrier fluid distribution circuit 2 in
which the carrier fluid (or the different carrier fluids, if
more discharge lines and more return lines are used) is
recirculated within the distribution circuit 2.

[0074] In a configuration of the system 1 (figure 1), the
latter may be provided with a supply line 27, in fluid com-
munication with the delivery 3 and/or return 4 line, con-
figured to allow the addition of carrier fluid in the circuit
2 and an outlet line 28, in fluid communication with the
delivery line 3 and/or with the return line 4, configured to
allow the discharge of carrier fluid from the circuit 2. On
each of said supply and outlet lines 27, 28 a closing valve
may be advantageously arranged (element not shown in
the accompanying figures), for example a ball valve or a
simple "open and close" tap, configured to open and
close the lines 27 and 28 and therefore allow the intro-
duction of fresh carrier fluid or the discharge of carrier
fluid used by the circuit 2.

[0075] As may be seen in figure 1, the system 1 pro-
vides at least one central heat treatment unit 6, compris-
ing at least one pump 12 and at least one refrigerating
or heating unit 13. The central unit 6 is placed on the
delivery line 3 of the circuit 2 and configured to vary at
least one of temperature and flow rate of the carrier fluid
in the delivery line 3. The heat treatment unit 6 is placed
between the delivery line(s) 3 and the return line(s) 4 so
as to feed the delivery line or lines and receive the return
fluid coming from the return lines. The pump 12 is con-
figured toimpose a head on the carrier fluid and therefore
promote the delivery of the carrier fluid to the delivery
line(s) and therefore to the service lines 5. Figure 1 sche-
matically shows a configuration of the system 1 having
a single central heat treatment unit 6; however, it is pos-
sible to provide a plurality of units 6 arranged in series
or parallel on the delivery line 3 or directly active on a
service line 5 (conditions not shown in the accompanying
figures).

[0076] As briefly mentioned above, the circuit 2 com-
prises a plurality of service lines 5; for each service line
5, the system 1 comprises at least one exchange unit 7
configured to serve a respective room to be conditioned
and/or heated. Each heat exchange unit 7 (utility) may
comprise at least one of:

- afancoil or air heater having at least one fan as heat
exchange modulator 7a;

- an ATU (air treatment unit) with at least one fan as
heat exchange modulator 7a;
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- aradiator and/or convector as a heatexchange mod-
ulator 7a;

- a heat exchanger, possibly with an adjustable heat
exchange surface, as a heat exchange modulator
7a.

[0077] Asshown forexample in figures 1-4, each serv-
ice line has at least one flow regulator 8 configured to
manage the quantity of carrier fluid (mass flow) passing
through the respective service line 5. With reference to
the direction of circulation of the fluid (see arrows F in
figures 2-4), the flow regulator 8 may be arranged on the
service line 5 downstream of the heat exchange unit 7
operating on the same service line 5.

[0078] In greater detail, the flow regulator 8 comprises
a valve 16 having a valve body 16a having at least one
inlet 17, an outlet 18 and a passage 19 which places the
inlet 17 in fluid communication with the outlet 18. The
valve body 16a has, at the inlet 17 and at the outlet 18
of the valve 16, respective connecting members 29, 30
(figure 5) suitable for allowing the valve 16 to be fixed on
the circuit 2. The connecting members 29, 30 may be,
for example, threads or rapid connections or other types
of connections.

[0079] The passage 19 has aseat 31 adapted to house
a shut-off element 20 which has the task of partially or
totally intercepting the fluid passing through the valve
and is therefore capable of acting as a flow regulator or
even as a closing element of the passage 19; the shut-
off element, in cooperation with the valve body 16a, de-
fines a fluid passage gap 21 of variable width depending
on the positions assumed by the shut-off element 20 with
respect to the valve body 16a. The shut-off element 20
is configured to act along a predetermined operating
stroke which comprises a predetermined number of op-
erating positions, which are distinct and angularly or
translatively offset from each other. The movement of
the shut-off element 20 may therefore be rotary or trans-
lational. In the first case, the movement takes place by
rotation according to a movement angle about a rotation
axis A which extends transversely with respect to a prev-
alent development axis C of the channel 19 (figure 5). In
the second case, the movement may take place in a
straight direction (configuration not shown). Considering
the case in which the shut-off element 20 performs a
rotary movement, in order to be able to perform a rotary-
type movement, the shut-off element 20 must have an
outer surface of substantially spherical or cylindrical ge-
ometry, as may be seen in figure 5.

[0080] The valve 16 also comprises an actuator mem-
ber 23 connected with the valve body 16a and active on
the shut-off element20 to move the latter atleast between
a complete opening position, in which the passage gap
21 has maximum area, and a closing position, in which
the passage gap 21 is closed. The actuator may further-
more position the shut-off element in a plurality of inter-
mediate positions between the open and closed position,
thus allowing the flow rate through the service line 5 to
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be adjusted. In greater detail, the actuator member 23
may comprise an electric or mechanical motor carried by
the valve body 16a and engaged with the shut-off element
20.

[0081] The flow regulator 8 may also comprise at least
one position sensor 22 configured to determine the po-
sitions assumed by the shut-off element 20, along a pre-
determined operating stroke relative to the valve body
16a, and transmit a respective signal. In a non-limiting
embodiment of the invention, the shut-off element 20 is
configured to assume a plurality of positions along said
operating stroke corresponding to different opening de-
grees of said passage gap 21: the position sensor 22
may for example comprising an encoder, a potentiome-
ter, or other configured to emit a signal which allows de-
termining the position of the shut-off element along the
operating stroke. For example, the position sensor 22
may be configured to emit a signal at each step of a pre-
determined extent made by the shut-off element 20 along
the operating stroke, or to emit a signal of amplitude or
frequency that is a function of the position of the shut-off
element along the operating stroke.

[0082] In a non-limiting embodiment of the invention,
the flow regulator 8 further comprises a control unit 24
connected to the position sensor 22 and active on the
actuator member 23. The control unit 24 is configured to
receive the signal from the position sensor 22, process
said signal to establish the relative position of the shut-
off element 20 with respect to the valve body 16a. The
control unit 24 may also be configured to control the ac-
tuator 23, in particular to move the shut-off element 20
in a controlled manner. The connection by means of the
control unit 24 to the sensor 22 and to the actuator mem-
ber 23 allows the unit 24 to manage and control the move-
ment of the shut-off element 20. In practice, the control
unit 24 may comprise one or more miCcroprocessors pro-
grammed to receive in input the signal from the sensor
22, thus establishing therefrom the actual position of
each shut-off element and acting on the actuator member
23 as a function of such a signal and of the desired po-
sition to which the shut-off element 20 is to be brought.
[0083] The actuator member 23 and the control unit 24
may be part of the valve 16 operating downstream of
each heat treatment unit 7 of the same service line 5 on
which said valve 16 is active. In fact, in the example of
figure 5, sensor 22, actuator member 23 and control unit
24 define a sort of control head 32 carried stably by the
valve body 16a which is adapted to monitor and control
the shut-off element 20.

[0084] As may be seen in figure 1, the system 1 may
comprise various sensors.

[0085] For example, for each service line 5, at least
one temperature sensor 9 may be configured to detect
a measured value of a thermal parameter dependent on
the temperature difference between a first section 5a of
a service line 5 upstream of said heat exchange unit 7
and a second section 5b of the same service line 5 down-
stream of the heat exchange unit 7. Figure 1 illustrates
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a first configuration of the temperature sensor 9 compris-
ing essentially a single differential sensor connected with
the first section 5a of a service line 5 upstream of the
heat exchange unit 7 and with the second section 5b of
the same line of service 5 downstream of the same heat
exchange unit 7: the differential sensor is configured to
detect the temperature difference between said first and
said second section 5a, 5b of each service line 5. The
differential sensor 9 may be physically positioned up-
stream of the exchange unit 7 as shown in figure 1 and
have a detection line in fluid communication on the serv-
ice line 5 downstream of the heat exchange unit 7. Alter-
natively, the sensor 9 may be carried by the flow regulator
8, downstream of the unit 7, and have a detection line in
fluid communication with a point of the service line 5 up-
stream of the same unit 7.

[0086] Figure 2 instead illustrates a second embodi-
ment in which the temperature sensor 9 comprises a first
thermal detector 9a configured to detect the temperature
in a first section 5a of a service line 5 upstream of the
heat exchange unit 7 and a second thermal detector 9b
configured to detect the temperature in a second section
5b of the same service line 5 downstream of the heat
exchange unit 7. In this second variant, the second de-
tector 9b may be carried by the flow regulator 8 and in
particular by the valve 16.

[0087] The temperature sensor 9 may be connected
to the control unit 24 of the flow regulator 8 which may
be configured to process the signal or signals received
from said temperature sensor 9 or 9a, 9b and calculate
the temperature difference between the mentioned sec-
tions (first and second sections 5a, 5b) upstream and
downstream of the heat exchange unit 7.

[0088] The system 1 may also comprise, for each serv-
ice line 5, at least one hydraulic sensor 10 configured to
detect (or allow to determine with known formulas) the
flow rate passing through each flow regulator 8. In a con-
figuration of the system 1, the hydraulic sensor 10 may
comprise a flowmeter (case shown in figure 2), for ex-
ample carried directly by the flow regulator 8, in particular
directly by the valve 16, and configured to detect the flow
rate passing through the regulator 8.

[0089] Alternatively, the hydraulic sensor 10 may com-
prise a sensor capable of measuring a difference (or a
ratio) of pressure between a first section 5¢ of a service
line 5 upstream of said flow regulator 8 and a second
section 5d of the same service line 5 downstream of the
same flow regulator 8 (case shown in figure 4): knowing
the position of the shut-off element and the characteristic
curve mass flow/pressure drop of the valve 16 it is pos-
sible to obtain the flow rate from the measured value of
the pressure difference. More in detail, the sensor 10
may measure for example a difference or aratio between
the actual pressure present in section 5¢ and the pres-
sure in section 5d, providing an output signal proportional
to the difference or ratio between the pressures in the
two sections 5¢, 5d mentioned. As may be seen in figure
4,thefirst section 5¢c of the service line 5 may be arranged
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downstream of the heat treatment unit 7. Alternatively,
the first section 5¢ of the hydraulic sensor 10 may coin-
cide with the first section 5a or be arranged upstream of
the heat treatment unit 7). The second section 5d is for
example located immediately downstream or on the
valve 16 and directly connected with the channel 19 of
the valve 16. The first and second sections 5c and 5d
could both be located on the valve body of the valve 16
upstream and downstream of the shut-off element 20.
[0090] In a further alternative, the hydraulic sensor 10
may comprise a sensor capable of measuring the pres-
sure in a section of a service line 5 immediately upstream
and in a section immediately downstream of a calibrated
orifice 52 (case illustrated in figure 3), or the differential
pressure between the two points immediately upstream
and downstream of the calibrated orifice 52: the calibrat-
ed orifice is preferably placed upstream of the flow reg-
ulator so as not to be subjected to interference; knowing
the characteristic mass flow rate/pressure drop of the
orifice itis possible to determine the mass flow rate there-
through.

[0091] In fact, the sensor 10 may in all the above de-
scribed cases comprise a differential pressure sensor 26
which receives in input a first and a second pressure
signal and generates an output differential signal from
which it is possible to calculate the flow rate.

[0092] Alternatively, in the use of a differential sensor,
itis possible to provide a configuration in which the sensor
10 comprises a first detector and a second detector in
fluid connection with the respective sections as described
above of the same service line 5.

[0093] The hydraulic sensor 10 may be connected to
the control unit 24 of the flow regulator 8; in this case,
the control unit 24 is configured to receive the signal from
said hydraulic sensor 10 and calculate the mass flow rate
passing therethrough. For example, the control unit 24
is configured to determine the actual mass flow rate pass-
ing through the regulator 8 on the basis of the difference
between the values of the pressure parameter measured
in the first and second sections 5c and 5d by the sensor
10.

[0094] As further illustrated in figure 4, the system 1
may comprise a room temperature sensor 11 (see fig. 4)
intended to operate at each of the rooms served by the
heat exchange units 7.

[0095] The sensor 11 may be connected to the control
unit 24 of the flow regulator 8; in this case, the control
unit 24 may be configured to receive the signal from the
sensor 11 and calculate the temperature in the room in
which the heat treatment unit 7 operates. Moreover, the
temperature sensor may be connected to the control sys-
tem (not shown) of the heat exchange modulator 7a
present in each heat exchange unit so as to adjust the
heat exchange modulator 7a according to the tempera-
ture detected by the sensor 11 and to a desired temper-
ature in the room where the sensor 11 operates

[0096] The system 1 may also comprise, for each of
said lines 5, at least one partial or total closing member
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(configuration not shown in the accompanying figures).
The closing members may be positioned at the beginning
or at the end of each service line 5 respectively upstream
or downstream of each element (sensors, heat treatment
units, regulators) active on the same service line 5. In
greater detail, each closing member may comprise an
on/off valve which closes or opens the supply of each
service line 5: in this way, the closing members may ex-
clude or not a service line 5 and for example the heat
treatment of a room.

[0097] As may be seen, for example, in figure 1, the
system 1 comprises a general control device 15 connect-
ed at least with the sensors described above to each
service line 5 and active on each flow regulator 8 and on
said central thermal treatment unit 6.

[0098] The control device 15 is configured to receive
the values of the parameters measured with the sensors
described herein and to carry out the control process
described and claimed. The control device 15 may in turn
comprise one or more microprocessor processing units
with relative memories capable of storing a code which,
when executed by the microprocessor unit(s), makes the
control device 15 capable of performing the control proc-
ess described and/or claimed below. Alternatively, the
control device 15 may comprise one or more processing
units formed by analog circuitry configured to perform
the control process described and/or claimed below.
[0099] Alternatively, the control process described and
claimed may be performed by the control unit 24 asso-
ciated with each service line 5 and for example forming
part of the flow regulator 8 described above. The control
unit 24 may also comprise one or more microprocessor
processing units with relative memories capable of stor-
ing a code which, when executed by the microprocessor
processing unit(s), makes the control unit 24 capable of
performing the control process described and/or claimed
below. Alternatively, the control unit 24 may comprise
one or more processing units formed by analog circuitry
configured to perform the control process described
and/or claimed below.

Control process

[0100] The process of controlling the carrier fluid flow
rate through one of the service lines 5 of the conditioning
and/or heating system 1 is described below. The process
described below may be applied to one or more of the
service lines 5 of the system 1. As already indicated, the
control process may be performed by a processing unit
of the device 15 or part of the control unit 24 carried by
one or more valves 16. Alternatively, the control process
may be controlled by a processing unit remote with re-
spect to the system 1. In a further alternative, itis possible
to provide that the processing unit configured to perform
the control process is partially physically located in the
processing unit of the device 15 and partly in the process-
ing unit of the control unit 24 onboard the valve 16. Here-
inafter, the steps of the control process that may be per-
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formed by the processing unit will be described irrespec-
tive of where the processing unit is physically located.
[0101] With reference to a specific service line 5, the
control process 100 comprises the following steps shown
in the flow chart in figure 6.

[0102] In a first step 101 it is provided to position the
flow regulator in a first operating condition corresponding
to a first value (¢4; Ap) of a flow rate parameter (¢; Ap)
relative to the flow of carrier fluid passing through the
heat exchanger and a first value (AT,) of the difference
between the temperature of the carrier fluid in the first
section 5a of the service line 5 upstream of the heat ex-
change unit 7 and the temperature of the carrier fluid in
the second section 5b of the same service line 5 down-
stream of the heat exchange unit 7. The temperature
difference is for example measured by the temperature
sensor 9, as described above.

[0103] The flow rate parameter (o) is for example the
mass flow of carrier fluid passing through the heat ex-
change unit 7 which may be determined directly by the
hydraulic sensor 10 (if the latter is a flow meter). Alter-
natively, the mass flow rate may be calculated by the
processing unit as a function of the position assumed by
the shut-off element of the valve 16 (detectable for ex-
ample by an encoder) and of a characteristic curve of the
valve 16 which relates the flow to the position of the shut-
off element taking into account the pressure difference
(Ap) at the ends of the valve, or it may be calculated by
the processing unit as a function of the pressure differ-
ence (Ap) between a first pressure outlet of the service
line 5 upstream of an orifice calibrated 52 (see figure 3)
and a second pressure outlet of the same service line 5
located downstream of the calibrated orifice 52.

[0104] The flow parameter may also directly be the
above pressure difference (Ap) between the first pres-
sure intake of the service line 5 upstream of the calibrated
orifice 52 (figure 3) and the second pressure intake of
the same service line 5 placed downstream of the cali-
brated orifice 52.

[0105] In practice, therefore, in the first step 101, the
processing unit controls the shut-off element of the flow
regulator 8 to position itself in a first predetermined po-
sition or in a position which corresponds to a predeter-
mined value of the flow rate parameter and therefore ac-
quires the measurement from the temperature sensor of
the first value (AT,) of the difference between the tem-
perature of the carrier fluid in the first section 5a upstream
of the heat exchange unit 7 and the temperature of the
carrier fluid in the second section 5b downstream of the
heat exchange unit 7.

[0106] In a second step 102 of the process, the
processing unit controls the flow regulator to move to a
second operating condition, for example by opening or
moving by a predetermined step (or a predetermined
number of steps) the shut-off element 20 or by moving
the shut-off element 20 until a second predetermined val-
ue of the flow rate parameter is reached. Having reached
the second operating condition, which corresponds to an
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increase in the value of the flow rate parameter (¢; Ap)
from the first value (¢4; Ap4) to a second value (95; Ap,)
greater than the first value (¢¢; Ap4), the processing unit
acquires the second value (AT,) of the temperature dif-
ference measured by the temperature sensor 9.

[0107] The processing unit then, in a third step 103,
calculates the value of a control parameter Pc on the
basis of one or more values assumed by the temperature
difference in the passage of the flow rate regulator from
the first to the second operating condition; in practice,
the parameter Pc describes the trend of the temperature
variation between upstream and downstream of the heat
exchange unit when the flow rate passing through the
same unit 7 changes.

[0108] Then, the processing unit compares (step 104)
the value of the control parameter Pc as determined
above with a minimum threshold S to establish whether
the value of this control parameter Pc is or is not higher
than the minimum threshold S. This comparison step al-
lows determining whether, following the increase in flow
through the heat exchange unit, the temperature varia-
tion between upstream and downstream of the same unit
7 has remained sufficiently high or if on the other hand
it has not gained enough in terms of thermal difference.
If from the previous step of comparing the value of the
control parameter Pc with the minimum threshold S it is
established that the value of the control parameter is
higher than the minimum threshold, the control process
provides for cyclically repeating steps 102, 103 and 104
described above for increasing the flow rate, determining
the value reached by the parameter Pc and comparing
it with the threshold S.

[0109] In other words, a cycle 105 is provided which
provides for the repetition of the following further steps,
which are rerun cyclically until the value of the control
parameter Pc is higher than the minimum threshold S:

* repetition of step 102 - the processing unit positions
the flow regulator in a subsequent operating condi-
tion which corresponds to a further increase in the
value of the flow rate parameter (¢; Ap) from a pre-
vious value (¢;; Ap;) to a subsequent value (¢;.4;
Apj+1) greater than the previous value (¢;; Ap;), and
a variation of the temperature difference from a pre-
vious value (AT,) to a subsequent value (AT,,4); as
said, cycle 105 comprises cyclically repeated steps
and therefore at the first repetition the previous value
is in fact the second value while the subsequent val-
ue is the third value, both as regards the flow rate
parameter and the temperature difference value;

* repetition of step 103 - the processing unit calculates
a further value assumed by the control parameter
Pc as a function of one or more values assumed by
said temperature difference in the transition of the
flow regulator from a previous to said subsequent
operating condition,

e repetition of step 104 - the processing unit finally
compares each further value of the control parame-
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ter Pc with the minimum threshold S to determine
whether the value of the control parameter is higher
than said minimum threshold.

[0110] If, following the cycle 105 described above, itis
determined that the value of the control parameter Pc is
less than or equal to the minimum threshold S, the control
process provides for not changing the operating condition
of the flow regulator towards a further increase in the
value of the flow rate parameter (¢; Ap): in other words,
thanks to the process of the invention, the line 5 is pre-
vented from operating at excessively high flow rates,
which would therefore cause significant pressure drops
and hydraulic inefficiencies, if with these flow rates there
is not an appreciable gain in terms of thermal variation
astride of the exchanger 7.

[0111] According to a further aspect, the processing
unit (step 106) sets one of the last two operating condi-
tions reached by the flow regulator, i.e. the one which
corresponds to the last or the penultimate value reached
by the flow parameter (¢;; ¢;+1) as the optimal working
position at which to maintain the flow regulator. Since the
operating condition thus reached is considered the opti-
mal one for line 5, the position of the flow regulator 8 is
then maintained alternatively by the processing unit:

- either atleast for a reasonably long time interval (for
example greater than 1 hour),

- oruntil an event generates the need to change the
operating conditions of the valve.

[0112] Going now in greater detail in the description of
the determination of the value of the control parameter
Pc, it should be noted that it is for example calculated as
a function of the first or the previous value (AT4. AT;) of
the temperature difference between upstream and down-
stream of the exchanger 7 and of the second or subse-
quent value (AT,. AT;,4) of the temperature difference
between upstream and downstream of the exchanger 7.
More generally, the step of calculating the value taken
by the control parameter (Pc) provides for calculating the
control parameter as a function of a plurality of values
(AT4, AT,, AT,) assumed by the temperature difference
in the transition of the flow regulator from said first to said
second operating condition. This allows to obtain a
number of information on the temperature difference
across a given change in the flow parameter (for example
a given change in the flow-rate of fluid crossing the ex-
changer 7), and thus avoids that the process may make
assessments on a punctual value only taken by the tem-
perature difference. Rather, the control parameter is rep-
resentative of an area under a characterizing curve or
function which relates the temperature difference (AT)
with the flow parameter (¢; Ap), thereby mediating the
instantaneous values that may be taken for example by
the temperature difference. Moreover, as the tempera-
ture difference is used (and not for example a single tem-
perature value) as main ingredient for the calculation of
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the control parameter, there is also a 'compensation ef-
fect’ because any possible error in the detection of tem-
peratures is compensated since what matters is the dif-
ference and not the absolute values taken by the tem-
perature.

[0113] For example, in accordance with a relatively
simple way of implementing this aspect of the invention,
the control parameter (Pc) may calculated as a function
at least of: the first value (¢4; Ap4) of the flow parameter
(p; Ap), the first value (AT4) of said temperature differ-
ence, the second value (9,; Ap,) of the flow parameter,
and the second value (AT,) of said temperature differ-
ence.

[0114] In accordance with a currently preferred as-
pects, assuming to represent temperature difference vs.
flow parameter in a two-dimensional Cartesian system
where the values of the flow parameter (¢; Ap) are re-
ported on the abscissa and the values of the temperature
difference on the ordinate (AT) (see figure 7), then the
control parameter is representative of an area under a
characterizing curve or function which relates the tem-
perature difference (AT) with the flow parameter (¢; Ap).
[0115] According to a further aspect, the processing
unit may calculate the value of the control parameter Pc
as integral, between the first or previous value of the flow
rate parameter (94, ¢;; Ap4, Ap;) and the second or sub-
sequent value of the flow rate parameter (9o, ¢+1; Apo,
Apj+1), of the function or characteristic curve of the ex-
changer 7 which relates the temperature difference (AT)
with the flow rate parameter (p; Ap). In practice, with ref-
erence to figure 7, if the flow rate parameter is the carrier
fluid mass flow rate (¢) passing through the heat ex-
change unit 7, the processing unit determines (following
the successive increases in flow rate) the characteristic
function that relates the temperature difference (AT) with
the carrier fluid mass flow (p) passing through the heat
exchange unit 7, and then calculates the value of the
control parameter (Pc) as integral, between the first or
previous value of the flow rate parameter (¢4, ¢;) and the
second or subsequent value of the flow rate parameter
(p2, ¢i+q), Of the characteristic function that relates the
temperature difference (AT) with the mass flow of carrier
fluid (¢) passing through the heat exchange unit 7 using
the following formula:

Pc = f(;iHAquo ,whereini=0,1,2... (1),

[0116] Alternatively, if the service line 5 comprises a
calibrated orifice 52 inserted upstream or downstream of
said flow regulator (as in the example of figure 3), the
flow rate parameter may be the pressure difference (Ap)
between a first pressure inlet of the service line 5 up-
stream of the calibrated orifice 52 and a second pressure
outlet of the same service line 5 located downstream of
the calibrated orifice 52. In this case, the processing unit,
following the successive positions reached by the shut-
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off element 20, determines a characteristic function
which relates the temperature difference (AT) with said
pressure difference (Ap). Therefore, the processing unit
calculates the value of the control parameter (Pc) as in-
tegral, between the first or previous value of the flow rate
parameter (Ap4, Ap;) and the second or subsequent value
of the flow rate parameter (Ap,, Ap;,1), of the character-
istic function or curve that relates the temperature differ-
ence (AT) with said pressure difference (Ap), using the
following formula:

ATdAp, whereini=0,1,2... (2

_ rApi+1
Pc=[ pi

[0117] From a practical point of view, the function or
characteristic curve function that relates the temperature
difference (AT) with the flow rate parameter (p; Ap) may
be known or may be determined during the control proc-
ess. For example, the processing unit may be configured
for the mathematical determination of an approximating
function which relates the temperature difference (AT)
with the flow rate parameter (¢; Ap) and which has a trend
close to said characteristic function: the approximating
function may in particular be a parametric function, such
as a polynomial, whose coefficients are determined by
imposing the passage of the parametric polynomial by
the known points obtained by measuring the values as-
sumed by the temperature difference at the various val-
ues of the flow rate parameter. The value of the integral,
obtained according to the case using the formula (1) or
the formula (2) above, is then calculated as an integral
between the first or previous value of the flow rate pa-
rameter (¢4, ¢;; Apq, Ap;) and the second or subsequent
value of the flow rate parameter (95, ®j41; Apo, Apjyq Of
the approximating function, for example of the polynomi-
al.

[0118] Alternatively, the integrals defined above may
be calculated in a discrete manner as an area or sum of
areas (i.e. without the need to determine a true charac-
teristic function), using the known points of the charac-
teristic curve (points A and C in figure 7): for example the
ACED area subtended by the portion of the AC curve
may be estimated as the area of the rectangle trapezoid
ACED.

[0119] More generally, in this case, the processing unit
calculates the integral, between the first or previous value
ofthe flow rate parameter (¢4, ¢;; Ap4, Ap;) and the second
or subsequent value of the flow rate parameter (95, 9;,1;
Ap,, Apj44), as follows:

Pc= (AT - AT) * (i1 - ¢i)/2,

wherein i = 0, 1, 2... if the flow parameter is the mass
flow of the carrier fluid (¢) passing through the heat ex-
change unit 7; or as follows:
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Pc= (ATi - AT) * (Ap i - Api)/2,

wherein =0, 1, 2... if the flow parameter is the pressure
difference (Ap) between afirstpressure intake of the serv-
ice line 5 upstream of the calibrated orifice 52 and a sec-
ond pressure intake of the same service line 5 placed
downstream of the calibrated orifice 52.

[0120] Asregards the determination of the value of the
minimum threshold S, it may be:

¢ afixed invariable value; in this case, S is fixed inde-
pendent of other parameters or factors;

e apredetermined value linked to the magnitude of the
increase in the value of the flow rate parameter (¢;
Ap) from said first or previous value (¢4, ¢;; Ap4, Ap;)
to the second or subsequent value (95, ¢j+q; Apo,
Apj+1); in this case, tables may be provided for each
type of heat exchanger, which associate a predeter-
mined threshold value based on the extent of the
increase in the flow rate parameter;

e avalue calculated as a function of the magnitude of
the increase in the value of the flow parameter (o;
Ap) from said first or previous value (¢4, ¢;; Ap4, Ap;)
to the second or subsequent value (95, @115 APy,
APis1);

¢ avalue calculated as a multiplication of:

o the increase in the value of the flow parameter
(p; Ap) from said first or previous value (¢4, ¢;;
Ap4, Ap;) to the second or subsequent value (¢,
Pi+1; AP, Apjyq), @nd

o the first or previous value (AT4, AT,) of said
temperature difference, using one of the follow-
ing formulas

o §= (AT;)*(Ap;+1-Ap;), Wwherein =0, 1, 2...

o 8= (AT;)*(pj+1-¢;), Wwherein =0, 1, 2...

[0121] As already described in the section relating to
the system, the first or previous value (AT,, AT;) of the
temperature difference is determined starting from the
temperature signal or signals detected when the flow reg-
ulator is in the first or previous operating condition, and
the second or subsequent value (AT,, AT;,) of the tem-
perature difference is determined starting from said tem-
perature signal or signals detected when the flow regu-
lator is in the second or subsequent operating condition.
In turn, the variation of the flow rate parameter is meas-
ured or calculated as described above.

Claims

1. Process of controlling a flow of a carrier fluid through
a service line (5) of a conditioning and/or heating
system (1),
said service line comprising:
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« at least one heat exchange unit (7),

« at least one flow regulator (8) configured to
control the flow of carrier fluid passing through
the heat exchange unit (7), and

« at least one temperature sensor (9; 9a, 9b)
configured for allowing determination of a tem-
perature difference (AT;) between carrier fluid in
a first section (5a) of the service line (5) up-
stream of said heat exchange unit (7) and carrier
fluid in a second section (5b) of the same service
line (5) downstream of the same heat exchange
unit (7);

said control process comprising the following steps:

a) positioning the flow regulator in a first oper-
ating condition to which the following corre-
sponds

» a first value (94; Ap4) of a flow parameter
(9; Ap) relative to the flow of carrier fluid
passing through the heat exchanger, and

+ a first value (AT,) of said temperature dif-
ference,

b) positioning the flow regulator in a second op-
erating condition to which the following corre-
sponds

* anincrease in the value of the flow param-
eter (¢; Ap) from said first value (¢4; Apq) to
asecond value (¢,; Ap,) higher than the first
value (¢4; Apq) and

+ a second value (AT,) of said temperature
difference,

c) calculating a value assumed by a control pa-
rameter (Pc) which is a function of one or more
values assumed by said temperature difference
in the transition of the flow regulator from said
first to said second operating condition,

d) comparing said value of the control parameter
(Pc) with a minimum threshold (S) to determine
whether or not the value of the control parameter
(Pc) is higher than said minimum threshold (S);

wherein if following step d) of comparing said value
of the control parameter (Pc) with the minimum
threshold (S) it is determined that the value of the
control parameter is higher than said minimum
threshold, the control process provides to execute
the following cycle:

e) positioning the flow regulator from the second
operating condition in a subsequent operating

condition to which the following corresponds

* anincrease in the value of the flow param-
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eter (¢; Ap) from said second value (¢,; Ap,)
to a subsequent value (¢;.¢; Ap;+q) higher
than the second value;

+ a variation from the second value (AT,) to
a subsequent value (AT;,4) of said temper-
ature difference,

f) calculating a further value assumed by the
control parameter (Pc) which is a function of one
or more values assumed by said temperature
difference in the transition of the flow regulator
from the second operating condition to said sub-
sequent operating condition,

g) comparing said further value of the control
parameter (Pc) with the minimum threshold (S)
to determine whether or not the further value of
the control parameter is higher than said mini-
mum threshold;

and wherein if, following said step d) or said step g),
it is determined that the value of the control param-
eter (Pc) is less than or equal to said minimum
threshold (S), then not changing the operating con-
dition of the flow regulator in the direction of a further
increase in the value of the flow parameter (¢; Ap).

Process according to claim 1, wherein if, following
step g), it is determined that the value of the control
parameter is higher than said minimum threshold,
the process provides for repeating steps e) to g) for
further subsequent operating conditions of the flow
regulator until at step g) of the cycle it is determined
that the value reached by the control parameter (Pc)
becomes equal or smaller than the minimum thresh-
old (8).

Process according to claim 1 or 2, wherein if, follow-
ing said step d) or said step g), it is determined that
the value of the control parameter (Pc) is less than
or equal to said minimum threshold (S), then the
process provides for setting, as optimal working po-
sition to which the flow regulator is maintained, one
of the following:

« the last operating condition reached by the flow
regulator during said cycle,

« the penultimate operating condition reached
by the flow regulator during the cycle,

+ a condition obtained changing said last oper-
ating condition of the flow regulator by a prefixed
step in the direction of a decrease in the value
of the flow parameter (p; Ap).

Process according to any one of the preceding
claims, wherein the flow parameter is the mass flow
of the carrier fluid (¢) passing through the heat ex-
change unit (7).
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Process according to any one of the preceding
claims, wherein, assuming to representvalues of the
temperature difference (AT) vs. values of the flow
parameter (¢; Ap) in a two-dimensional Cartesian
system where the values of the flow parameter (o;
Ap) are reported on the abscissa and the values of
the temperature difference on the ordinate (AT), then
the control parameter is representative of an area
under a characterizing curve or function which re-
lates the temperature difference (AT) with the flow
parameter (o; Ap).

Process according to any one of the preceding
claims, wherein:

o at said step c) calculating the value of the con-
trol parameter (Pc) comprises calculating an in-
tegral, between the first value of the flow param-
eter (¢4; Ap4) and the second value of the flow
parameter (p,; Apy), of a characteristic function
that correlates the temperature difference (AT)
with the flow parameter (¢; Ap); and

o at said step g) calculating the value of the con-
trol parameter (Pc) comprises calculating an in-
tegral, between the second value of the flow pa-
rameter (@o; Apy) and the subsequent value of
the flow parameter (¢;.1; Apj+1), of a character-
istic function that correlates the temperature dif-
ference (AT) with the flow parameter (¢; Ap);

and optionally wherein, for each subsequent execu-
tion of the cycle, at said step g) calculating the value
of the control parameter (Pc) comprises calculating
an integral, between a previous value of the flow pa-
rameter (¢;,1; Ap;+¢) reached at the last execution of
the cycle and a further subsequent value of the flow
parameter (¢;40; Apj+o), of a characteristic function
that correlates the temperature difference (AT) with
the flow parameter (¢; Ap).

Process according to any one of the preceding three
claims, wherein calculating the value of the control
parameter (Pc) includes calculating the integral, be-
tween thefirst or previous value of the flow parameter
(¢4, 9;) and the second or subsequent value of the
flow parameter (9o, ®j41),

Po= [0 aTdg

wherein =0, 1, 2...

of the characteristic function that correlates the tem-
perature difference (AT) with the mass flow of the
carrier fluid (¢) passing through the heat exchange
unit (7);

or

wherein the service line (7) includes a calibrated or-



31 EP 3 623 896 A1

ifice (52), inserted upstream or downstream of said
flow regulator, and the flow parameter is a pressure
difference (Ap) between a first pressure intake of the
service line (5) upstream of the calibrated orifice (52)
and a second pressure intake of the same service
line (5) placed downstream of the calibrated orifice
(52), and wherein calculating the value of the control
parameter (Pc) includes calculating the integral, be-
tween thefirst or previous value of the flow parameter
(Ap4, Ap;) and the second or subsequent value of the
flow parameter (Ap,, Apjyq),

Po= [P aTdap,

wherein = 0,1,2...

of the characteristic function that correlates the tem-
perature difference (AT) with said pressure differ-
ence (Ap).

Process according to claim 7, wherein the process
comprises a step of mathematical determination of
an approximating function which correlates the tem-
perature difference (AT) with the flow parameter (¢;
Ap)and which has a trend close to said characteristic
function, optionally wherein the approximating func-
tion is of the parametric type, and wherein said inte-
gral, between the first or previous value of the flow
parameter (94, @;; Ap4, Ap;) and the second or sub-
sequent value of the flow parameter (¢,, ¢;,q; APy,
Ap;44), of the characteristic function is calculated as
integral, between the first or previous value of the
flow parameter (¢4, ¢;; Apq, Ap;) and the second or
subsequent value of the flow parameter (95, ¢j41;
Ap,, Ap;44), Of said approximating function.

Process according to claim 7 or 8, wherein:

said integral, between the first or previous value of
the flow parameter (¢4, ¢;; Ap4, Ap;) and the second
or subsequent value of the flow parameter (@5, ©j41,
Apa, Ap;44), is calculated as

Pc= (AT - AT)) * (Qw1 - ¢i)/2,

wherein =0, 1, 2...

with the flow parameter being the mass flow of the
carrier fluid (¢) passing through the heat exchange
unit (7); or

said integral, between the first or previous value of
the flow parameter (¢4, ¢;; Ap4, Ap;) and the second
or subsequent value of the flow parameter (¢,, ¢;44,

Apy, Api+q), is

Pc= (ATi+1 - ATi) * (Ap i1 - Ap i)/2,
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10.

1.

12.

32

wherein =0, 1, 2...

with the flow parameter being the pressure differ-
ence (Ap) between afirst pressure intake of the serv-
ice line (5) upstream of the calibrated orifice (52) and
a second pressure intake of the same service line
(5) placed downstream of the calibrated orifice (52).

Process according to any one of the preceding
claims, wherein said minimum threshold (S) has:

* an invariable predetermined value; or

« a predetermined value linked to the magnitude
of the increase in the value of the flow parameter
(¢; Ap) from said first or previous value (¢, ¢;
Ap4, Ap;) to the second or subsequent value (¢,,
Pi+1; AP, Apjsq); OF

« a value calculated as a function of the magni-
tude of the increase in the value of the flow pa-
rameter (¢; Ap) from said first or previous value
(91, ¢;; Apq, Ap;) to the second or subsequent
value (g2, @js1; AP2, Apjsq); OF

« a value calculated as a product of:

o the increase in the value of the flow pa-
rameter (¢; Ap) from said first or previous
value (¢4, 9;; Apq, Ap;) to the second or sub-
sequent value (92, 9js1; AP2, Apj.4), and

o the first or previous value (AT, AT;) of said
temperature difference, using one of the fol-
lowing formulas

o 8= (AT;)*(Ap;+1-Ap;), wherein =0, 1, 2... n,
o S= (AT)*(9j+1-¢;), Wherein =0, 1, 2...n.

Process according to any one of the preceding
claims, wherein the process provides the following:

in said step a) of positioning the flow regulator
in a first operating condition, the flow regulator
is controlled until the first value (¢4; Ap4) of the
flow parameter (¢; Ap) is reached, which is a
pre-set value;

in said step b) of positioning the flow regulator
in a second operating condition, the flow regu-
lator s controlled until the second value (¢,; Ap)
of the flow parameter (o; Ap) is reached, which
is a pre-set value;

in said step e) of positioning the flow regulator
in a subsequent operating condition, the flow
regulatoris controlled until the subsequentvalue
(@i+1; Apj+q) Of the flow parameter (¢; Ap) is
reached, which is a pre-set value.

Process according to any one of the preceding
claims, wherein the flow parameter is the mass flow
of the carrier fluid (¢) passing through the heat ex-
change unit (7);

wherein either said service line comprises a flow me-
ter, and the flow meter is configured to measure the
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mass flow of a carrier fluid (¢) passing through the
heat exchange unit (7); or said service line comprises
a position sensor of a shut-off element present in the
flow regulator, and wherein the mass flow of carrier
fluid (¢) passing through the heat exchange unit (7)
is calculated as a function of the position taken by
the shut-off device and the pressure drop to the
heads of the flow regulator; or the service line com-
prises a calibrated orifice (52), inserted upstream or
downstream of said flow regulator, and the mass flow
of carrier fluid (o) is calculated as a function of the
pressure difference (Ap) between a first pressure in-
take of the service line (5) upstream of the calibrated
orifice (52) and a second pressure intake of the same
service line (5) located downstream of the calibrated
orifice (52).

A device for controlling a flow of carrier fluid through
a service line (5) of a conditioning and/or heating
system (1), said service line comprising:

- at least one heat exchange unit (7),

« at least one flow regulator (8) configured to
control the flow of carrier fluid passing through
the heat exchange unit (7), and

« at least one temperature sensor (9; 9a, 9b)
configured to emit at least one temperature sig-
nal related to a temperature difference (AT;) (or
in any case configured for allowing determina-
tion of the temperature difference AT;) between
the carrier fluid in a first section (5a) of the serv-
ice line (5) upstream of said heat exchange unit
(7) and carrier fluid in a second section (5b) of
the same service line (5) downstream of the
same heat exchange unit (7);

the control device comprising atleast one processing
unit connected or connectable to the flow controller
(8) and to the temperature sensor (9) or sensors (9a,
9b) and configured to perform the process according
to any one of the preceding claims.

14. An air conditioning and/or heating system compris-

ing
a carrier fluid distribution circuit (2), having:

o at least one delivery line (3) of the carrier fluid,
o at least one return line (4) of the carrier fluid,
and

o a plurality of service lines (5) connected directly
or indirectly to said delivery line (3) and to said
returnline (4) and configured to serve respective
rooms to be conditioned and/or heated, wherein
each of said service lines (5) in turn comprises:

« at least one heat exchange unit (7),
« at least one flow regulator (8) configured
to control the flow of carrier fluid passing
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through the heat exchange unit (7), and

« atleast one temperature sensor (9; 9a, 9b)
configured for allowing determination of a
temperature difference (AT,) between the
carrier fluid in a first section (5a) of the serv-
ice line (5) upstream of said heat exchange
unit (7) and carrier fluid in a second section
(5b) of the same service line (5) down-
stream of the same heat exchange unit (7);

at least one central heat treatment unit (6) located
on the circuit (2),

at least one control device comprising a processing
unit connected or connectable to the flow regulator
(8) and to the temperature sensor (9) or temperature
sensors (9a, 9b) of each service line and configured
to perform for each service line the process accord-
ing to any one of the preceding claims from 1 to 12.

15. Aplantaccording to claim 14, or a process according

to any one of the preceding claims 1-12, wherein in
each service line (5):

- the flow regulator (8) comprises at least one
valve (16) having a valve body (16a) having at
least one inlet (17), at least one outlet (18) con-
nected by at least one passage (19) which puts
theinlet (17) in fluid communication with the out-
let (18), and at least one shut-off element (20)
operating in said passage (19), said shut-off el-
ement (20) defining, in cooperation with the
valve body (16a), a fluid passage gap (21) of
variable width as a function of positions as-
sumed by the shut-off element (20) with respect
to the valve body (16a);

- the temperature sensor (9) comprises a first
temperature detector configured to detect the
temperature in a first section (5a) of each chan-
nel (5) upstream of said heat exchange unit (7)
and a second temperature detector configured
to detect the temperature in a second section
(5b) of each channel (5) downstream of the
same heat exchange unit (7), or a differential
temperature sensor connected to the first sec-
tion (5a) of each channel (5) upstream of said
heatexchange unit (7) and to the second section
(5b) of each channel (5) downstream of the
same heat exchange unit (7) and configured to
detect the temperature difference between said
first and said second section (5a, 5b) of each
service line (5);

- at least one hydraulic sensor (10) is provided
comprising at least one of a flowmeter config-
ured to detect the mass flow of carrier fluid (o)
passing through the heat exchange unit (7), or
a differential pressure sensor configured to de-
tect apressure difference between a first section
of the line (5) upstream of a calibrated orifice
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(52) and a second section of the same service

line (5) located downstream of the calibrated or-

ifice (52), the calibrated orifice being preferably
upstream of the flow regulator, or

two separate pressure sensors configuredtoal- %
low a pressure difference to be calculated be-
tween a first section of the service line (5) up-
stream of a calibrated orifice and a second sec-

tion of the service line (5) downstream of the
calibrated orifice, the calibrated orifice being 70
preferably upstream of the flow regulator;

- optionally a position sensor (22) is provided,
configured to determine the positions assumed

by the shut-off element (20) of the flow regulator,
along a predetermined operating stroke, withre- 75
spect to the valve body (16a) of the same flow
regulator, and to transmit a respective signal, in
particular wherein the shut-off element (20) is
configured to assume a plurality of positions
along said operating stroke correspondingtodif- 20
ferentopening degrees of said passage gap (21)

and wherein said position sensor (22), for ex-
ample an encoder or a potentiometer, is config-
ured to emit a signal at each step of predeter-
mined extent performed by the shut-off element 25
(20) along the operating stroke;

wherein the flow rate regulator (8), the temperature
sensor (9) or sensors (9a, 9b), the hydraulic sensor
(10) and the optional position sensor (22), if present, 30
are communicatively connected to the processing
unit.

35

40

45

50

55

19



EP 3 623 896 A1

A TR R G

1z iy s— ; vz i s— .

| " _f< “ _f< “

RN L ! A i A i

- T AT

) ¢ 8 |

] ! L “

eg m eg m

I B ; ° a
™ ! - 5 G G €
1 6 —
{e} A @)

T m 7

20



EP 3 623 896 A1

FIG.2

21



EP 3 623 896 A1

FIG.3

22



EP 3 623 896 A1

24

||||||||||||||||||||||||||||||||||||||

FIG.4

23




EP 3 623 896 A1

/\

19— . N 18
e
C—-’1>‘/_ - N
= N sy 20
/| . 720> a0

29 4 C

31 ~A  16a

FIG.5

24



FIG.6

EP 3 623 896 A1

I B
|

PC=fAT do

103 PC=fATdAP

104 ¢

i= i+l

Pser ™—106

25

FIG.7



10

15

20

25

30

35

40

45

50

55

EP 3 623 896 A1

des

Européisches
Patentamt

European

Patent Office

ce européen
brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 19 19 5464

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A EP 3 141 823 Al (FIMCIM SPA [IT]) 1-15 INV.
15 March 2017 (2017-03-15) GO5D23/19
* page 14, column 26, paragraph 87 - page F24F11/00
25, column 47, paragraph 170; figures 1-13 F24D19/10
*
A WO 2012/065275 Al (BELIMO HOLDING AG [CH];|1-15

THUILLARD MARC [CH]; ADAMS JOHN S [US])
24 May 2012 (2012-05-24)
* the whole document *

TECHNICAL FIELDS
SEARCHED (IPC)

GO5D
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 20 September 2019 Burchielli, M

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

26




EP 3 623 896 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 19 5464

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

20-09-2019
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 3141823 Al 15-03-2017  EP 3141823 Al 15-03-2017
US 2017067662 Al 09-03-2017

WO 2012065275 Al 24-05-2012 CA 2811775 Al 24-05-2012
CN 103228996 A 31-07-2013
DK 2641027 T3 05-03-2018
EP 2641027 Al 25-09-2013
RU 2013127193 A 27-12-2014
US 2014083673 Al 27-03-2014
WO 2012065275 Al 24-05-2012

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

27




	bibliography
	abstract
	description
	claims
	drawings
	search report

